Context: The benefit of weight reduction for cardiovascular disease (CVD) outcomes remains uncertain. Objective: To examine the effects of baseline body mass index on major CVD outcomes and diabetes over a 20 year follow up, and of weight change in the first five years over the subsequent 15 years. Design and setting: A prospective study of British men followed up for 20 years. Participants: Men aged 40-59 years with no diagnosis of CVD or diabetes (n = 7176) of whom 6798 provided full information on weight change five years later. Outcome measures: Major CVD events (fatal and non-fatal myocardial infarction and stroke, angina, ''other'' CVD deaths) and diabetes. Results: During the 20 year follow up there were 1989 major CVD events and 449 incident cases of diabetes in the 7176 men. Risk of major CVD and diabetes increased significantly with increasing overweight and obesity. During the 15 year follow up, weight gain was associated with increased risk of CVD and diabetes. Weight loss was associated with lower risk of diabetes than the stable group irrespective of initial weight. No significant cardiovascular benefit was seen for weight loss in any men, except possibly in considerably overweight (BMI 27.5-29.9 kg/m 2 ) younger middle aged men (RR = 0.42; 95% CI 0.22 to 0.81). Conclusion: Long term risk of CVD and diabetes increased significantly with increasing overweight and obesity. Weight loss was associated with significant reduction in risk of diabetes but not CVD, except possibly in considerably overweight younger men. Duration and severity of obesity seem to limit the cardiovascular benefits of weight reduction in older men.
O besity is associated with increased risk of coronary heart disease, hypertension, angina, stroke, and diabetes and constitutes an important cardiovascular health burden. 1 2 Although most studies have shown weight reduction to be associated with a significant improvement in cardiovascular (CV) risk factors, [3] [4] [5] [6] [7] [8] the benefit of weight reduction on CV outcome is uncertain. 9 While both prospective and intervention studies have shown weight loss to be associated with a significant reduction in diabetes, 10 13 most studies have failed to show any benefit for CV disease mortality or coronary disease outcome 9 14-18 and one overview has even suggested an increased risk of cardiovascular disease (CVD) or coronary heart disease (CHD) with weight loss. 9 Our earlier reports on weight change in middle aged men have shown significant reduction in risk of diabetes 10 but no benefit for CHD events (myocardial infarction and CHD deaths) 14 or total mortality. [19] [20] [21] In this report, we examine the long term effect of BMI and the effect of weight change on major CV related morbidity and mortality using a wider range of CVD outcomes, now including stroke and angina, and using the recent National Institutes of Health and WHO recommended BMI guidelines for overweight (25.0-29.9 kg/m 2 ) and obesity (>30 kg/m 2 ). 3 22 A combined end point (heart attacks, stroke, angina, diabetes, or CVD deaths) was also used to assess whether weight loss was associated with benefit overall in risk of CV related morbidity and mortality. We also examine whether the effects of weight change are dependent on initial BMI.
METHODS
The British regional heart study is a prospective study of cardiovascular disease in 7735 men aged 40-59 years selected from age-sex registers of one general practice in each of 24 towns in England, Wales, and Scotland. The criteria for selecting the town, the general practice, and the subjects as well as the methods of data collection, have been reported. 23 Research nurses administered to each man a standard questionnaire (Q1;1978-80) including questions on smoking habits, alcohol intake, physical activity, and medical history. Details of classification methods for smoking status, social class, physical activity, and body mass index have been reported. 23 24 Physical measurements were made and nonfasting blood samples taken. Five years after screening, a postal questionnaire similar to that administered at screening, was sent to all surviving men and detailed information obtained on changes in smoking behaviour, body weight, and other risk factors (Q5;1983-85). Ninety eight per cent of the survivors responded (7275 men) and 7100 provided information on weight change.
Body mass index (BMI)
Weight and height were measured at screening and BMI calculated as weight/height 2 . Five years later (Q5), the men stated their weight and BMI was calculated for each man based on reported weight and on measured height at screening. Men were divided into four BMI groups: normal weight (,25 kg/m 2 ), moderately overweight (25.0-27.4 kg/ m 2 ), considerably overweight (27.5-29.9 kg/m 2 ), and obese (>30 kg/m 2 ). Data on BMI at baseline were missing in three men. In a subgroup of 4252 men who attended for reexamination 20 years after initial screening (1998) (1999) (2000) , measured weight correlated highly with reported weight (r = 0.98) 25 with little difference in mean reported weight and mean measured weight (79.3 compared with 79.9 kg respectively).
Cigarette smoking
The men were classified according to their current (Q1) smoking status: never smoked, ex-cigarette smokers, and current smokers at four levels (1-19, 20,21-39 , and >40 cigarettes/day). In the analysis involving weight change Q1 to Q5, smoking categories were derived from the combined information at screening (Q1) and five years later (Q5). The men were classified as: never smoked, ex-smokers at both Q1 and Q5, recent ex-smokers (smokers at Q1, non-smokers at Q5), and current smokers (1-19 and >20/day).
Pre-existing ischaemic heart disease and stroke At screening and at Q5 the men were asked whether a doctor had ever told them that they had angina or myocardial infarction (heart attack, coronary thrombosis), stroke, and a number of other disorders. The WHO (Rose) chest pain questionnaire was administered at the initial examination and a three orthogonal lead electrocardiogram recorded at rest. Men with evidence of CHD were defined as those with a recall of diagnosis of angina or heart attack made by a doctor, a response on WHO (Rose) chest pain questionnaire indicating angina or possible myocardial infarction, or electrocardiographic evidence of definite or possible myocardial ischaemia or myocardial infarction. 26 Men with evidence of CHD but without recall of a doctor diagnosis of CHD are referred to as '' undiagnosed CHD''.
Measures of weight change
The percentage change in body weight between screening and Q5 was determined for each man. 19 For a man of average height (1.73 m) in this study, a loss of 3 kg (4%) in weight constituted weight loss. 19 Those who had gained or lost less than 4% in body weight were classified as stable. The men were grouped into four weight change categories: (a) weight loss, (b) stable, (c) ''moderate'' gain of 4%-10%, and (d) ''substantial'' gain of .10%.
Follow up
All men have been followed up for all cause mortality, cardiovascular morbidity, and development of type 2 diabetes from the initial screening in January 1978-July 1980 to June 2000, a mean period of 21.3 years (range 20-22.5 years) with follow up achieved for 99% of the cohort. 27 This analysis is based on a 20 year follow up for each man. All men with recall of a doctor diagnosis of CHD, stroke, or diabetes at screening have been excluded from the analysis (n = 556). Information on death was collected through the established ''tagging'' procedures provided by the NHS registers. Evidence regarding non-fatal heart attacks, angina and strokes, and diabetes were obtained by reports from general practitioners, by biennial reviews of the patients' notes (including hospital and clinic correspondence) to the end of the study period, and from personal questionnaires to surviving subjects at the 5th year and 12-14th year after initial examination. Non-fatal stroke events were those that produced a neurological deficit present for more than 24 hours. A non-fatal heart attack was diagnosed according to WHO criteria. 28 A diagnosis of diabetes was not accepted on the basis of self completed questionnaire data unless confirmed in the primary care records. 11 In the analyses a combined end point is used, defined as death from any CV cause or the confirmed development of heart attack, angina, stroke, or diabetes.
Statistical methods
Cox's proportional hazards 29 model was used to obtain the relative risks for the weight change groups and body mass index groups adjusted for age, smoking, body mass index, social class, physical activity, blood pressure, use of antihypertensive treatment, lung function, serum total cholesterol, and undiagnosed CHD. Age, BMI, blood pressure, and total cholesterol were fitted continuously. Time of follow up for major CVD events was defined as the time to development of the first non-fatal CVD event (heart attack, stroke, or angina) or death, and similarly for diabetes and the combined end point (heart attack, stroke, angina, or diabetes). To obtain greater statistical power in assessing the relation between weight change and risk of the end points, we have tested for linear trends. Linear trends were assessed fitting weight change as a continuous variable (negative values for weight loss and positive values for weight gain). The purpose was to determine the significance of the change in risk over the continuum from maximum weight loss to maximum weight gain. Similarly, tests for linear trends for BMI were assessed fitting BMI in its original continuous form.
RESULTS
During the 20 year follow up from initial screening there were 1042 incident cases of major CHD events (non-fatal and fatal, 8.3/1000 person years), 395 stroke events (non-fatal and fatal, 3.1/1000 person years), 876 angina (7.1/1000 person years), 100 ''other'' CVD deaths (0.8/1000 person years), and 449 incident diabetes cases (3.5 rate/1000 person years) in the 7176 men with no history of CVD or diabetes. Altogether 1989 men had developed at least one major CVD end point (MI, angina, or stroke). A total of 173 men had Overweight, obesity, and weight change, and cardiovascular diseasedeveloped diabetes and a major CVD event, of whom 101 developed diabetes before a major CVD event. Table 1 shows BMI at initial screening and risk of major CVD and diabetes adjusted first for age, social class, smoking, physical activity, alcohol intake, undiagnosed CH,D and lung function and then in addition for systolic blood pressure and total cholesterol. The strong positive relations with major CVD and diabetes are attenuated after adjustment for systolic blood pressure and further attenuated after additional adjustment for serum total cholesterol but the positive trends remain significant. Exclusion of the 101 men who developed diabetes before developing a major CVD event made little difference to the findings for CVD.
Weight change and outcomes
Of the 7176 men at baseline, data on weight change at Q5 were available on 6798 men. We further excluded all men with a recall of doctor diagnosis of CHD (MI, angina), stroke, or diabetes at Q5 and those with a major CVD event before Q5 based on the surveillance of GP records (n = 435), as well as men whose BMI decreased to ,18.5 kg/m 2 at Q5 as this weight is considered to indicate chronic ill health (n = 169), 22 leaving 6194 men. Over the five years (Q1 to Q5), 57% were stable in weight, 13% had lost weight, 24% had moderate weight gain (4%-10%), and 16% had substantial weight gain (.10%). In age adjusted analyses, weight loss was associated with a significant increase in risk of CVD but not of diabetes compared with the stable group (RR = 1.30 95% CI 1.12 to 1.51; p = 0.01) (table 2). In previous reports, we have shown that initial weight is highest in those who lost weight and lowest in those who had gained weight.
14 Weight change, in particular weight loss, has been shown to be associated with many of the cardiovascular risk factors including smoking, high blood pressure, total cholesterol, FEV 1 , physical inactivity, alcohol intake, and social class.
14 Additional adjustment for initial BMI and these CV risk factors reduced the increased risk seen with weight loss for CVD and risk was similar to the stable group. After these adjustments weight loss was associated with a significant reduction in risk of diabetes compared with the stable group (RR = 0.62 95% CI 0.42 to 0.90; p = 0.01). There was a tendency for risk of both CVD and diabetes to increase with increasing weight gain (p = 0.005 and p,0.0001 for trend respectively). Risk of both CVD and diabetes was significantly increased with substantial weight gain (RR = 1.32 95% CI 1.07 to 1.62; p ,0.01 and RR = 1.76 95% CI 1.16 to 2.67; p ,0.01 respectively). Initial BMI and weight change Table 3 shows the mean BMI at Q1 and at Q5, the distribution of BMI categories at Q5, and mean systolic blood pressure and total cholesterol by initial BMI and weight change categories. Almost 40% of normal weight men gained weight over five years and all those who gained substantial weight became overweight or obese. Most obese men who lost weight remained overweight or obese (82%). Most of the considerably overweight men who gained weight became obese. Mean systolic blood pressure and total cholesterol rose progressively with increasing levels of initial BMI. Men who lost weight, irrespective of their initial BMI, tended to have higher systolic blood pressure and higher serum total cholesterol concentrations at baseline than those who were stable or gained weight. Table 4 shows the adjusted relative risk within initial BMI groups according to weight change categories. Weight loss was associated with a reduction in risk of diabetes within all BMI categories. In these men, a test for linear trend from maximum weight loss to maximum weight gain was significant in each BMI category. Weight loss showed some benefit for major CVD events in the considerably overweight men (BMI 27.5-29.9 kg/m 2 ) compared with the stable group, although in the small number involved the difference was not statistically significant. In the combined end point, these considerably overweight men showed marginally significantly lower risk than the stable group (RR = 0.77 95% CI 0.57 to 1.04; p,0.09) and the test for trend was significant (linear trend p = 0.01). Compared with the stable group, Table 4 Fifteen year follow up in 6194 men with adjusted relative risks (95% CI) for major CVD events, diabetes, and the combined end point according to initial BMI and weight change categories over five years (Q1 to Q5). Adjusted for age, social class, smoking, physical activity, alcohol intake, antihypertensive treatment, undiagnosed CHD, FEV 1 moderate weight gain was associated with increased risk of the combined end point only in normal weight men (RR = 1.22 95% CI 1.02 to 1.47). Substantial weight gain was associated with increased risk of the combined end point within all BMI categories although compared with the stable group this was significant only in the normal weight and moderately overweight groups (p,0.05) possibly because of the smaller numbers involved.
Weight change and risk
Age and outcome Table 5 shows the relation between weight change and major CVD outcome and the combined end point by age group (40-49 and 50-59 years). To retain sufficient numbers, the two weight gain groups (moderate and substantial) were combined. The benefit of weight loss on CVD in the considerably overweight men was only seen in the younger age group (RR = 0.42 95% CI 0.22 to 0.81; p,0.01). No significant benefit was seen in older men. Although the numbers were small, weight loss was associated with benefit for diabetes in both age groups irrespective of initial BMI (data not shown). Weight loss showed little benefit for the combined end point except in the younger, considerably overweight men (RR = 0.55 95% CI 0.32 to 0.93; p,0.01).
DISCUSSION
There has been debate as to whether BMI is an independent risk factor for CVD. 30 In our earlier report on BMI and CHD based on eight years of follow up, no independent association was seen between BMI and risk of CHD after adjustment for blood pressure and total cholesterol. 31 However, in this 20 year follow up study, and possibly reflecting the duration of obesity and its consequences, increasing BMI was associated with a progressive and significant increase in the adjusted risk of major CVD and diabetes even after additional adjustments for systolic blood pressure and total cholesterol. This is consistent with many other long term prospective studies. [32] [33] [34] [35] [36] [37] The effect of duration of obesity on outcome may contribute to the limited benefit commonly observed with weight reduction in prospective studies of overweight/obese middle aged or older men despite the improvement in their CV risk factors.
Weight change and major CVD and diabetes
Moderate weight reductions (5%-10%) have been shown to be associated with an improvement in blood pressure, blood lipids, [3] [4] [5] [6] [7] insulin sensitivity and glycolated haemoglobin, 8 but most studies have shown no benefit of weight loss on CVD and some have even shown significantly increased risk of CVD. 9 15-18 These paradoxical findings have aroused concern regarding recommendations for weight loss in late adulthood. 9 Most studies have focused on CV or CHD mortality as an end point or specifically on heart attacks. The impact of obesity on morbidity has been shown to be higher than the impact on mortality, 38 and thus artefacts resulting from reverse causation-that is, weight loss as a result of illness leading to death-are likely to be less of a problem in studies on the incidence of CVD than in studies on death alone. 39 In this study, using a range of end points including CV mortality and morbidity (heart attacks, angina, and stroke), there was no benefit of weight reduction on major CVD outcome but a significant reduction in diabetes risk. The association between weight loss and CVD seems to be to some extent dependent on initial BMI. Benefit of weight loss on CVD was only seen in considerably overweight younger middle aged men. Among normal weight, moderately overweight, and obese men no benefit was seen. In all men risk of major CVD tended to increase with increasing weight gain. Moderate weight gain showed no effect on the relative risk of CVD compared with stable weight men except in normal weight men. However, substantial weight gain (.10%) was associated with increased risk in both normal weight and in moderately and considerably overweight men although this was only significant/marginally significant in normal weight and moderately overweight men possibly because of the small numbers. This study confirms the significant benefits of weight reduction on risk of diabetes, particularly in obese subjects, which is consistent with results from other observational and intervention studies. 10-13 40 Overall in all men, weight gain was associated with increased risk of diabetes.
Age and weight loss
The benefit of weight loss on CVD in considerably overweight men was only significant in the younger men (40-49 years). These findings are in keeping with those from the Honolulu heart study in which weight loss in men ,55 years was associated with lower risk of CHD (albeit non-significant) than those with stable weight, whereas weight loss after age 55 was associated with increased risk. 15 It is suggested that weight loss in younger adults primarily reflects changes in body fat, whereas weight loss in older subjects may be attributable to decrease in fat mass or lean body mass or underlying disease. [41] [42] This may partly explain the lack of benefit for CVD in the considerably overweight older subjects in this cohort. As morbidity increases with age, the increased risk seen with weight loss in older age often reflects underlying ill health leading to weight loss.
Obesity and weight loss
Although a noticeable reduction in risk of diabetes was seen in obese men who lost weight, little benefit was seen for CVD outcome in these men. This may be because most obese men who lost weight remained obese or considerably overweight (average BMI 29.0 kg/m 2 ) and examination of BMI in these men seven to nine years after their weight loss showed that most of these men had regained weight. Obese men who reported weight loss had much higher mean initial blood pressure and higher initial total cholesterol levels than obese men with stable weight. Those with diagnosed severe hypertension or diagnosed hypercholesterolaemia may be more motivated to reduce weight or may lose weight more easily because of pre-clinical disease. We do not have information on whether weight loss is intentional or unintentional but a previous cross sectional report from this study showed that weight loss, whether intentional or unintentional, was associated with a greater prevalence of CVD related disorders. 43 It is probable that many of the obese men will have been advised to lose weight for health reasons. Despite their weight loss, these obese men remained overweight or obese, they are unlikely to have significantly improved their blood pressure and blood lipids profiles and many will already have developed end organ damage. The benefits of weight reduction seen for diabetes but not CVD may be because the cardiovascular damage is well established and cannot readily be regressed while for diabetes, the change in insulin resistance consequent upon reduction in the amount of body fat may be sufficient to reduce the risk of diabetes.
Conclusion
In this 20 year follow up of middle aged men, overweight/ obesity is associated with a significant increase in risk of major CVD and diabetes even after additional adjustment for systolic blood pressure and total cholesterol. Weight loss is associated with a significant reduction in risk of diabetes for all men but benefit for major CVD events was only seen in considerably overweight younger subjects. The chronicity of obesity and its consequences seem to limit the benefit of weight reduction for major CVD outcome. Our findings provide evidence supporting the benefits of weight reduction in overweight/obese men 3 and suggest that the younger the age at intervention the greater the probable benefit. While prevention of overweight/obesity remains a key objective the development of effective strategies to help middle aged overweight/obese subjects to lose weight and to maintain or improve the achieved weight loss, is currently a critical need.
